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Metrology in food
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Metrological tool

Standard operational procedures

Sampling & sample; pre-treatment
procedures

Reference materials
Measurements uncertainty
Proficiency testing



l Development of new reference material
METROFOQOD-PP

to demonstrate the capability of METROFOOD-RI to supply
services (with particular reference to the P-RI) and to test its

inter-operabilit Rice
P y Oyster Tissue Rice flour & rice grains

(same variety and same origin)

Two important issues:
characterization of RM
interlaboratory comparison

'O

METRO@DFO0D
Progressing towards the construction of M

ETROFOOD-RI



Institution Parameters for RM characterization
Abbreviation/
1 2 3 4

(¢)]

Country
ENEA/IT (6 labs) X X
CNRI/IT (6 labs) X X

CLASS of PARAMETER OYSTERS RICE il X
(2 labs)

i i CREA/IT (3 lab X
Vitamins 5 7 UniBS/IT( abs)
Nutrients Fibres 4 INSA/PT X
Others 6

IBA/RO X
Mycotoxins -

x X
x
x X X X

CIDETEC/CIDETEC/E

S

UPPA/FR

LNE/FR

ANSES/FR

ADERA/UT2A/FR

AUTH/GR X
CcuLs/Ccz X
USz/HU

TUM/DE X X
JSI/SI (2 labs)

NIB/SI X
ZRC Koper/SI X

IJZHP/MK X X
FASF/MK X

WIV-ISP/BE X
TUBITAK/TR X
DAS/MD X X

1 — nutritional and bioactive compounds
2 — organic contaminants and genetically
modified organisms (GMO)

3 — inorganic contaminants

4 — contaminants of emerging concerns

5 — origin/authenticity/isotope 39 laboratories

XXX X X

Organic

R T Residues antibiotics 4

Others

Inorganic Toxic elements
contaminants Speciation

o~

XX XXXX X XXX

X

x
x

Contaminants of emerging concern

Origin/Authenticity/Isotopes
Others
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First attempt ...

Test
. pasurs N Mean .
portion Measurand Unit” Value 1 | Value 2 | Value 3 | Value 4 | Value 5 32 sp’
1 (Analyte) value
METHOD lab (®)
GFAAS 9 0.3 As mg/kg 0.157 0.155 0.155 0.150 0.147 0.153 0.00414729
ICP-MS 10 0.4 As mg/kg 0.160 0.160 0.160 0.160 0.160 0.160 0.000000
ICP-OES 14 0.4 As mg/kg DW| 0.177 0.171 0.167 0.169 0.176 0.172 0.00
ICP_MS 18| 0.55 As mg/kg 0.147 0.144 0.151 0.148 0.149 0.148 0.00273325
ICP_MS 18| 0.55 As mg/kg 0.154 0.157 0.153 0.153 0.154 0.154 0.00151877
LAB test portion mean stdev LoQ ) )
GFAAS 9 030 0.153 000415 0012 0.250
1CP-MS 10 040 0.160 0.00000 0.003
1CP-M$ 23 01s 0.165 0.00075 0.009 0.200
1CP-MS 27 050 0.165 0.00289 0.001
1CP-MS 32 100 0.202 0.00252 0.010
1CP-M$ 35/ 025 0.161 0.00141 0.002 DI +—— — — — — —————— —— ——
1cP-MS 18 055 0.152 0.00757 0.011 Hmean
1CP-MS 24 055 0133 0.01679 0.011 )
ICP-OES 14 040 0.172 0.00436 0.010 o0 10 0 T T T 1§ 1 1 st
INAA 23 032 0.167 0.00192 0.023 E0Q
INAA 21 025 0.159 0.00491 0.010 000 H—1—11 P 1 | | 8 B
INAA 21 025 0.164 0.00195 0.010 ’
mean 0.163 i
stdev 0.000 . | T T T T T . . -
mean 0.162 B TR B e B e R e T B % S S, I, -
o T B T A Y a
0.006 FFFFTEFFTEE F S
% 3.764




Protein content (%)

5 laboratories - numbers: 6,7, 9,15, 16

Sample mass: 0.5-1¢ Lab. Riceflour  Ricegrains Oysters
Analysis: 5 replicates in 1 55.15
5 sample bottles 6 6.02 5.79
Method: Kjedahl Analiser £ 6.94 54.10
9 7.15 6.95 53.00
15 7.31 7.08 54.94
16 6.89 6.19
Mean 6.84 6.59 54.30
STD 0.58 0.57 0.98
Max 7.31 7.08 55.15 O

Min 6.02 5.79 53.00 Ty \
METROEDFO0D

of METROFOOD-RI



Statistical evaluation

Lab. No. Sample 2Z-score 5 5 _ . 95
P 579 4.00 . Proteins - Rice grain 1.
16 6.19 -2.00
7 6.9 1.75 3 3
9 6.95 1.80 2 ] S I 12
15 7.08 2.45 . 1,
0 0
|z| < 2 satisfactory result; " 17
. 7 B B - -2
2 < |z| = 3 questionable result (95 %); . .
|z| > 3 unsatisfactory result (99 %). . 1.
5 T T T T T 5
6 16 7 9 15
PRO

METRO@®F(0D

construction of METROFOOD-RI
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‘ Food control system
Ny

Overarching food control system needed

Traceability system
labeling, radio-tagging
good for passing information and
tracking the packaging along the supply
chain
vulnerable to fraud

Robust analytical techniques for food
origin or authenticity

Verify and support control system
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‘ Terminology

Stable isotopes

12C: 98.93 wt%
13C: 1.07 wt%

160: 99.757 wt%
(b)g:y&:';s 170: 0038 Wto/O

s 180 0,205 wit%

CARBON

R I
X = | —=m _4|x1000 [%0]

standard

X = 2|_|, 13C, 15N,180, 348
R = 2|_|/1|_|’ 13C/12C, 15N/14N, 180/160’ 325345
Standard = V-SMOW, V-PDB, V-CDT, V-SMOC, AIR




isotope deplition —_—
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Origin - elemental and isotopic fingerprinting

Multielement

Sample and isotope | | Chemometrics

analysis

Country Elemental and PCA, CA, SIMCA,

Region <{ isotope LDA, PLS-DA ....
Type - fingerprinting

o ¥ '
(‘\ —————————— 3 f:&— ——————————————— -

1l

Classification

Database
matching

Country X
Region Y
Type Z




Authenticity and provenience
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Mean annual temp. (°C)

What an “authentic sample” means o ) ) o
Origin is determined by comparing the data within a food to

What are the factors influencing the isotope variability: interpolated geo- climatic factors depicted in an isotopic map
geographical origin, climatic conditions,

soil pedology and geology, for animal products, the diet type Prediction of the data where no stable isotope data are available
any possible effects of processing technology Large scale data might overlook regionality

Annual/seasonal stability has to be proven
Large number of data (expensive)

Regular updates (stability of the data)



How is an isotope fingerprint interpreted?

Inputs

Specimen:

Elements of the approach

biological, soil,

water

Database of isotope
measurements and
observations relevant to
specimen

Environment at
location where
specimen was
collected

Soils and
elements
spatial layer

e

Climate and
geography

Process-based
model ——

4

spatial layer
—_—

Water spatial
layer

GIS model

>
P =4

Questions

Is the specimen
consistent or not
_ with a set of
known
observations?

What are

seized in that
location?

What are the
! predicted regions
—— from which the
specimen could

have originated?

Comparative
applications

Are the isotope values of this
scallop consistent with shellfish
from Australia?

Are the isotope values of wines
similar to others from the region?

Predictive
applications

What are the predicted isotope
values of rice based on

precipitation isotope values in
ltaly?

This olive oil doesn’t match others
from Italy. Where are the predicted
regions where it may have
originated?



A “good” database requires
“‘good” data

Example laboratory Quality Assurance Program

Normalization RMs
QC materials IRM 7 Raw d;;/ ~

Repeated samp!

Normalization,

biases, QC

evaluation

Normalized
Useful references — corrected d

FIRMS’ Good Practice Guide

Principles of stable isotope
geochemistry, by Z. Sharp (2007)

Long-term
QC data




Observations (axes F1 and F2: 91,60 %)
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(Hypothetical) example - build an oil isoscape

Source Water | x| %
X xt Some Number:

Isotopic
composition of precipitation

“Climate” v v
Y3 v Some Number: '
Temperature,

L i Plant &#2H
preC|p|tat|on amount

Precipitation &#H

“Biology” 2| z

7| 74 s Model Output:
e Olive oil #H

Biosynthetic
fractionation from plant
water to olive oil

Figure courtesy of Jason West



(Real) example - build an oil isoscape
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3.
ISO-FOOD ontology



Why we need a centralized repository for
iSOtOpiC data PNAS 114, 2997-3001, 2017

Jonathan N. Pauli®’, Seth D. Newsome®, Joseph A. Cook®, Chris Harod®, Shawn A. Steffan®’,

Christopher J. O. Baker®, Merav Ben-David”, David Bloom), Gabriel J. Bowen/, Thure E. Cering’, Carla Cicerc®,
Craig Cook™, Michelle Dohm', Prarthana S. Dharampal’, Gary Graves™”, Robert Gropp®, Kath A. Hobson®,
Chris Jordan9, Bruce MacFadden”, Suzanne Pilaar Birch™, Jorrit Poelen®, Sujeevan Ratnasingham”,

Laura Ruself, Craig A. Stricker™, Mark D. Uhen*, Christopher T. Yarnes”, and Brian Hayden®

IsoBank - organize, consolidate, and share stable isotope data across disciplines

Food Chemistry 277 (2019) 382-390

Contents lists available at ScienceDirect

FOOD
CHEMISTRY

ELSEVIER journal 1 www.elsevier.

ISO-FOOD ontology: A formal representation of the knowledge within the m
domain of isotopes for food science =

Tome Eftimov™*, Gordana Ispirova™”, Doris Poto&nik™*, Nives Ogrinc"*, Barbara Korousi¢ Seljak"
ISOTOPE ~Compuer Sysems Deparument Jokf tefan Insiuae, Jamova cesta 39, 1000 Liblana, Slovenia
® Jozf Stefan Internatonal Posgraduae School, Janova cesta 39, 1000 Ljt ‘Sovenia
Isotope < Deparmment of Enviraumental Sciences, Jokef Stefan Instinute, Jamove cesta 39, 1000 Liublana, Slovenia

Unit

ISO
Value

Fd

Food

g ) f B Link to RICHFIELDS ontology (Food)
SAMPLE LOCATION MEASUREMENT ARTICLE and EFSA (FOOdEXZ)

rrrrr




foocieme H string ‘
FoodBe? H string ‘

Type Of
Material

hasTypeOfMaterial

‘ integer ‘

string ‘ string ‘

value

Year

value

value

hasMaterial

hasYear

:
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integer string string

hasYear

hasSeason |,

=

s

Date g
=

8

8

=

1 8

2

dateOf —

isMadeln

hasInstrument
hasMethodology
hasPretreatment
hasQualityControl

hasRMCalibration

Laboratory

string string

hasTypeOfinstrument

hasInstumentName

Relationships related
to isotopic and
s T measurement data

Type
of
Instrument

Instrument
Name

string

string

P STANDARDS

mﬁ sy

FOR FOOD '5

CRP4AEA-2013
Value: -5.62 £0.19%.

Number of analysis
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Global Network of Isotopes in
Precipitation (GNIP) managed
by IAEA and data operating by
University of Utah, USA
(http://isomap.rcac.purdue.ed
u:8080/gridsphere)

Weighted Annual 380

Relationships related to
isotopic and location data




Potential users

FOOD BUSINESS OPERATORS POLICY MAKERS / FOOD
T INSPECTIONS & CONTROL

. Innovation. -

8
Sl t- § i
E 11

hl : h' ‘ b
e Bl et R
= ET Gl H
® eain e




THANKS!

Any questions?
You can find me at nives.ogrinc@ijs.si

METRO@F00)

Preparatory Phase )—




